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Although genetically engineered adenoviruses hold promise 
for the treatment of cancer, clinical trial reports have utilized 
intratumoral injection to date. To determine the feasibility of 
intravenous delivery of ONYX-015, an E1B-55kD gene- 
deleted replication selective adenovirus with demonstrated 
clinical safety and antitumoral activity following intratumoral 
injection, we performed a clinical trial in patients with meta- 
static solid tumors. ONYX-015 was infused intravenously at 
escalating doses of2x 10™ to2x 10 A3 particles via weekly 
infusion within 21 -day cycles in 10 patients with advanced 
carcinoma metastatic to the fung. No dose-limiting toxicity 
was identified. Mild to moderate fever, rigors and a dose- 
dependent transient transaminitis were the most common 
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adverse events. Neutralizing antibody titers significantly 
increased within 3 weeks in all patients. IL-6, y-IFN, TNF-a 
and IL-10 increased within 24 h following treatment. Evi- 
dence of viral replication was detectable in three of four 
patients receiving ONYX-015 at doses ^2 x 70 12 particles 
and intratumoral replication was confirmed in one patient. 
In conclusion, intravenous infusion of ONYX-015 was well 
tolerated at doses up to 2 x 70 13 particles and infection of 
metastatic pulmonary sites with subsequent intratumoral 
viral replication was seen. The intravenous administration of 
genetically altered adenovirus is a feasible approach. Gene 
Therapy (2001) 8, 746-759. 



Introduction 

Despite the successes of cytotoxic chemotherapeutics, 
new anticancer agents with improved safety and efficacy 
are still needed. Adenoviruses were initially engineered 
as replication-incompetent vectors whose only role was 
to deliver exogenous therapeutic genes. 1 - 2 A contrasting 
strategy has now emerged whereby replication-selective 
viruses, including adenoviruses, are themselves the 
therapeutic agent 3- * Proof of principle for this concept 
comes from animal studies where such viruses are found 
to replicate directly in cancer cells and destroy them, 
without the need for exogenous genes. 3- * Eventually, 
superior efficacy may be achieved by combining these 
two strategies and arming replication-selective viruses 
with therapeutic transgenes. 7 However, to date, pub- 
lished clinical trials have been limited to intratumoral or 
intracavitary injections, and no data are as yet available 
on the safety or feasibility of intravenous adenovirus 
delivery to distant tumor metastases. Indeed, the recent 
death of a patient being treated with an adenoviral deliv- 
ery vector for ornithine transcarbamylase deficiency, has 
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raised concerns about the feasibility and safety of intra- 
venous adenovirus administration. 8 Here we detail, for 
the first time, the initial results of a dose-escalation trial 
using the intravenous delivery of a replication-selective 
adenovirus in the treatment of cancer and showing it to 
be both well tolerated and feasible. 

ONYX-015 is a replication-selective adenovirus with a 
deletion in the ElB-55kD gene region. Since the 55kD 
protein is necessary for inhibition of wild-type p53 func- 
tion, as are similar proteins of other DNA viruses, 9 * 10 
deletion of this gene should prevent efficient viral repli- 
cation in cells with normal p53 function, 11 but allow repli- 
cation in tumor cells harboring a p53 gene mutation or 
otherwise lacking functional p53. The p53 protein func- 
tions as part of a DNA repair mechanism in addition to 
its growth arrest and apoptosis induction functions, so 
that its loss plays a major role in tumorigenesis. 12 P53 also 
serves to protect the normal cell from viral replication if 
the cells should become infected by any of a number of 
viruses. 9 " 11 Sixty percent of human solid tumors contain 
mutations of the p53 gene, and many of the tumor cells 
with wild-type p53 gene sequences will have other 
abnormalities at the protein level. 13 Preclinical data, in 
general, confirm the modulation of ONYX-015 replication 
and oncolysis in tumor cell lines, although results have 
varied based on the cell system and endpoints stud- 
ied. 1114 " 18 Selection in clinical trials has been defined. 
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Phase I and II investigations in refractory head and 
neck cancer patients treated by intratumoral injection of 
ONYX-015 further support the selective nature of ONYX- 
015 replication in p53 mutant rumor tissue (58% necrosis 
rate for p53 mutant tumors versus 0% in tumors with nor- 
mal p53 genome; P - 0.017) (Ganly et a\, unpublished 
data). Adverse effects in normal tissue were not demon- 
strated despite injection of normal peri tumoral tissue. A 
potentially synergistic interaction between chemotherapy 
and replication-selective adenovirus has also been disco- 
vered. 1317 ' 19 - 20 Chemotherapy-naive head and neck cancer 
patients treated with combination cisplatin, 5-fluorouracil 
(5-FU) and ONYX-015 had a response rate of 63% and 
minimal toxicity. 20 This compares favorably with the his- 
torical response rate of 35% for a similar population of 
patients. In light of these results, a phase III randomized 
trial is currently underway. 

Intratumoral injection therapy, however, is limited to 
needle-accessible disease sites, whereas intravenous 
administration allows the potential for viral infection of 
even non-injectable disease sites. Intravenous adminis- 
tration of ONYX-015 to a thymic mice bearing subcutane- 
ous tumor xenografts supported the feasibility of this 
approach in mice. 18 Approximately 90% of ONYX-015 
was recovered from the liver 3-6 h after a single infusion 
of 2 x 10 10 particles; the liver had over 250 times more 
infectious virus particles per gram of tissue than tumor 
masses in the same mice. However, following tumor- 
selective replication for 3 days, no infectious virus was 
recovered from liver while titers had increased 100-fold 
in rumor tissue. In situ hybridization of the tumor tissue 
also showed focal areas of ONYX-015 replication within 
tumor margins and adjacent to feeding blood vessels. 
These results, therefore, documented the feasibility of 
adenoviral delivery to distant tumor masses following 
intravenous administration and established an LD 30 in 
mice of ~2 x 10 10 particles. 18 This dose is equivalent to 2 
x 10 1? particles in humans based on allometric scaling on 
a particle/g comparison of mice and human livers. Sig- 
nificantly, no additional toxicity was observed in animal 
models when i.v. ONYX-015 was combined with chemo- 
therapy (5-FU, cisplatin, taxol). 1319 

Although these preclinical mouse model results are 
encouraging, several problems exist with this model for 
use with replication-selective adenoviruses. First, normal 
murine tissues are not fully permissive for adenoviral 
replication, and therefore the rapid clearance of ONYX- 
015 from mouse liver may not occur in humans. Second, 
T cell-dependent immune responses are absent in 
athymic mice; the ro)e of T cell-dependent humoral, 
cellular and cytokine-mediated immunity is therefore 
unclear. The intact immune response that adenovirus will 
encounter in patients may lead to more rapid clearance 
and/or inflammation-related toxicities. Finally, safety 
concerns have been raised following fatal hematologic 
and hepatic complications in a patient receiving an aden- 
oviral gene delivery vector (replication-incompetent) via 
the bloodstream. 8 

To address these issues, we initiated a phase 1 dose- 
escalation trial to determine safety, pharmacokinetics, 
a nd feasibility of tumor uptake and replication of ONYX- 
9*5 administered intravenously alone, as well as in com- 
pilation with carboplatin and paclitaxel, in patients with 
en <J-stage refractory carcinoma metastatic to the lung. 



Results — 

Patient profile 

The age, sex, Karnofsky performance status, site of dis- 
ease, histologic tumor type, prior treatment and p53 
mutation status of the 10 treated patients are shown in 
Table 1. The 10 patients described in this article received 
126 intravenous infusions (42 cycles) of ONYX-015 (Table 
2). Nine patients were entered into protocol, and one 
patient (C) was treated in nearly identical fashion on a 
compassionate basis following FDA and IRB approval 
(the patient had previously participated in a trial in 
which intratumoral injection of ONYX-015 virus at a dose 
of 2 x 10 11 particles was administered for an initial 5 con- 
secutive days of a 28-day cycle). 20 AH patients were 
treated at the Mary Crowley Medical Research Center, 
Sammons Cancer Center, Baylor University (Dallas, TX, 
USA) from 11 January 1999 to 13 December 1999. 

Adverse events 

Three patients had grade 3 toxic events requiring hospi- 
talization. All were classified as serious adverse events. 
None were related to the study agent. Grade 3 and 4 tox- 
icity identified in patient C was related to tumor pro- 
gression (dehydration and left carotid artery body com- 
pression related to tumor mass effect induced periodic 
hypotensive episodes). Grade 3 toxicity in patient 0003 
was due to gram-negative sepsis from an infected 
indwelling catheter, and grade 3 toxicity in patient 0009 
was due to a gram-positive intravenous central catheter 
infection. Neither of the bacterial infection events were 
related to study medication and completely resolved fol- 
lowing antibiotics. Grades 2-4 clinical adverse events and 
relationship to study drug are shown in Table 3. 
Additional grade 3 toxic events not requiring hospitaliz- 
ation and not related to studv medication occurred in 
patients 0004 and 0008 (Table 3). 

The most common toxicities related to the adminis- 
tration of ONYX-015 were fever and rigors. All patients 
developed fever during either cycle 1 or 2 of ONYX-015. 
Fever most commonly developed within 4-8 h after 
infusion of ONYX-015 in cycle 1. Patients who received 
^2 x 10 12 particles of ONYX-015 (n = 5) also developed 
transient mild elevations (1.5-4.0 times the upper limit of 
normal) in AST and/or ALT during cycle 1. Patient 0007, 
who received 2 x 10 13 particles, had transient ALT elev- 
ation approximately four times the upper limit of normal 
in cycle 1. Patients receiving less than 2 x 10 12 particles 
in cycle 1 did not show any elevation of ALT or AST 
related to study agent, although a nonspecific elevation 
correlating with progression of malignancy within the 
liver was observed (n = 2 patients). There was no evi- 
dence of progressive clinical hepatotoxicity in any 
patient. Similarly, a transient elevation in circulating lym- 
phocytes was observed in nine of 10 patients during 
cycles 1 and 2, but returned to baseline with continued 
ONYX-015 infusion (data not shown). 

Pharmacokinetics 

Evidence of viral genome could be detected for a mini- 
mum of 90 min after the end of ONYX-015 infusion in 
nine of nine patients at the initiation of the first and 
second cycle (ie fourth infusion) of therapy. One of four 
patients who received ONYX-015 at ^6 x 10" particles 
had detectable viral genome at 6 h after infusion (patient 
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Table 1 Demographics 



Patient 
No. 



Patient 
age 



Sex 



Karnofksy 
performance 
status <%) 



Site of disease 



Histologic 
tumor type 



Prior treatment 



P53 mutation 



46 



0001 38 



M 



M 



90 



80 



0002 

0003 

0004 

0005 

0006 
0007 

0008 

0009 



71 

48 

58 

47 

60 
64 

66 

32 



M 



M 

M 

M 
M 



M 



80 

100 

90 

90 

90 
90 

90 

90 



Tongue, lung, pleura, Head and neck 
sternum, T12 squamous cell 

vertebra carcinoma 



Diffuse to all organs Carcinoma of 

unknown origin 



Base of tongue, lung Squamous carcinoma 
of head and neck 



Adrenal gland bed, Adeno-carcinoma of 
kidney, lung adrenal gland 



Colon, liver, lung Adeno-carcinoma of 
colon 



Lung 

Thyroid, lung 
Colon, lung 

Lung 

Sarcoma, lung 



Adeno-carcinoma of 
lung 

Papillary carcinoma 
of thyroid 

Mucinous adeno- 
carcinoma of colon 



Adeno-carcinoma of 
lung 



Osteosarcoma 



Surgery (modified neck 

dissection) 

Radiation 

ONYX-015, cisplatin, 5-Fu 

Radical retropubic 

prostatectomy 

Radiation 

PEB (cisplatin, etoposide, 
bleomycin) 

If osfamide, adriamycin 
vincristine 

Taxotere/ carboplatin, 
thalidomide 
Gemzar /taxol 
Doxil 

Radiotherapy 
Taxol, ifosfamide, 
cisplatin 
Carboplatin 
Taxotere, gemzar 

Bilateral adrenalectomy 

Left nephrectomy 

Radiation 

Mitotane 

Gemzar 

Right and left 
hemicolectomy 
5- FU / 1 eu co vori n 

Taxol/carboplatin 



Partial thryoidectomy 
1-131 

Sigmoid colon resection 

Radiation 

5-FU / leucovorin 

CPT-11 

Carboplatin /taxol 2 
Gemzar 



BCNU/temozolomide 

LY231514/irinotecan 

CPT-11 

Ifosfamide, adriamycin, 
DTIC, tazarotene 



Point mutation 
exon 4, cod on 63 



Point mutation 
exon 9, codon 312 



Point mutation 
exon 4, codon 91 



Point mutation 
exon 4, codon 134 



Point mutation 
exon 5, codon 132 

Intron mutation of 
12 base pairs, exon 
9 

Intron mutation 
exon 8 

Point mutation 
exon 5, codon 175 



Point mutations 
exons 2, 3, 5, 
codons 6, 32, 156, 
158, 171, 174 

Intron mutation of 
7 base pairs, exon 
11 



a Patient 0008 had 
cin, Cytoxan and 



previous breast cancer in 1991 for which she underwent a radical mastectomy followed by adjuvant therapy with adriamy- 
tamoxifen. 



0001, 2.11 x 10 5 particles/ ml) in cycle 1, whereas all five 
patients receiving 5*2 x 10 12 particles had minimally 
detectable ONYX-015 at 6 h after the end of infusion 
(patient 0005, 17.3 x 10 5 ; patient 0006, 19.9 x 10 5 ; patient 
0007, 14.7 x 10 5 ; patient 0008, 2.2 x 10 5 ; patient 0009, 2.5 
x 10 s particles/ml). All patients, except 0001, had detect- 
able ONYX-015 genome at 6 h after the end of ONYX- 
015 infusion at initiation of cycle 2. 

Plasma titers of viral DNA were independent of dose 
over the initial dose range of 2 x 10 10 to 6 x 10 11 particles. 



At 2 x 10 12 particles and above, there appeared to be a 
greater plasma PCR signal, but it was not statistically sig- 
nificant (Figure 1). DNA titers declined with a half-life of 
about 20 min over the first 2 h following dosing (Figure 
2), then did not change as a function of time from 2 to 6 
h after treatment. Higher doses yielded higher levels 
within this time-window. There were no observable dif- 
ferences between cycle 1 and cycle 2 in dose or time 
dependencies or in individual systemic exposure to the 
ONYX-015 genome following equivalent single doses. 
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Table 2 Treatment summary 



Patient 
No. 


ONYX-015 dose 
(particles) 


No. 
infusions 


No. cycles 
on study 


No. chemotherapy 
infusions' 1 


Chemotherapy dose reduction/reason 


Total No. 
chemo cycles 


c 


2 x 10 1Oa 
2x10' 13 
2xl0 ,2a 


1 
1 
19 


7 


C3D1-C6D1 
C6D8-C7D15 


Full dose 

30% decrease due to neutropenia 


5 


0001 


2xl0 10 


12 


4 


0 


No chemotherapy; baseline 
thrombocytopenia persistence 


0 


0002 


6x10 ]O 


6 


2 


0 


No chemotherapy per patient decision 


0 


0003 


2x10" 


15 


5 


C3D1-C3D15 
C4D1-C5D15 


Full dose 

Carbo reduced by 10% 


3 


0004 


6xlO n 


12 


4 


C3D1-C3D15 
C4D8 and D15 


Full dose 

C4D1 not given due to grade 3 
diarrhea 

50% dose reduction 


2 


0005 


2xl0 12 


24 


8 


C3D1-C8D15 


Full dose 


6 


0006 


6xl0 ]2b 
2xl0 ,2b 


1 

11 


4 


C3D1 and D8 
C3D15 

C4D1 

C4D8 and D15 


Full dose 

40% dose reduction in taxol due to 
grade 3 neutropenia 
Full dose 

40% dose reduction due to neutropenia 


2 


0007 


2xlO IV 
2xl0 12c 


1 
11 


4 


C3D1 and D8 
C3D15 

C4D1-C4D15 


Full dose 

25% increase in taxol and 50% decrease 
in carbo due to low counts 
50% decrease in taxol and 50% increase 
in carbo 


2 


0008 


2 x 10 12 


6 


2 


C1D7-C2D15 


Full dose 


2 d 


0009 


2 x 10 12 


6 


2 


C1D7-C2D15 


Full dose held 3 weeks due to line 
infection 


2 d 



a Patient C received a dose of 2 x 10 10 particles on day 1 of cycle 1 and 2 x 10" on day 8 of cycle 1. All subsequent infusions were 1 x 
10 12 particles. 

b Patient 0006 received a dose of 6 x 10 1 2 particles on day 1 cycle 1 and 2 x 10 12 on all subsequent infusions. 

Tatient 0007 received a dose of 2 x 10 n particles on day 1 cycle 1 and 2 x 10' 2 on all subsequent infusions based on protocol design. 
d Chemotherapy (taxol at 80 mg/m 2 i.v. qd/wk; carboplatin ANC of 2 i.v. qd/wk) was initiated on day 7 of cycle 1 in patients 0008 and 0009. 



Evidence for viral replication 

Detection of ONYX-015 genome in plasma by quantitat- 
ive PCR on day 7 after the end of infusion is summarized 
in Table 4. Day 7 plasma sample positivity was more 
common at doses 5=2 x 10 12 (13/27, 48% versus 7/21, 33%) 
particles. Furthermore, persistent viral genome at day 2 
and day 7 after a virus infusion was shown in 18 of 34 
(53%) patient samples receiving ^2 x 10 12 particles com- 
pared with seven of 24 (29%) patient samples at the dose 
of ^6 x 10" particles. Overall, 46% (17 of 37) of all plasma 
samples had detectable ONYX-015 genome in cycle 1, 
and 38% (eight of 21) of plasma samples were positive 
in cycle 2. 

In order to confirm that replication was occurring at 
doses 5=2 x 10 12 particles, viral genome concentration 
from blood drawn 48 h after infusion of virus was com- 
pared to the 6-h viral genome blood concentration. Three 
of four patients with samples drawn had an increase in 
viral concentration (2.5 to 10-fold) between 6 and 48 h 
(one patient missed the blood draw). Viral genome 
increased from 4.7 x 10* to 8.6 x 10 6 genomes/ml in 
Patient 0007, from 2.2 x 10 5 to 8.9 x 10 6 genomes/ml in 
Patient 0008, and from 2.5 x 10 5 to 1.7 x 10 6 genomes/ml 
m patient 0009. 

Qnce viral replication had been documented, attempts 
w ere made to confirm that viral replication was occurring 



within the tumor tissue as predicted. Because tumor 
tissue was non-evaluable in most cases (due to necrosis 
and /or inaccessibility), only one tumor biopsy sample 
was evaluable for immunohistochemical staining for rep- 
lication and /or for ONYX-015-specific PCR (to confirm 
the virus identity). Immunohistochemical staining of 
adenoviral capsid antigen confirmed intratumoral repli- 
cation (Figure 3), and quantitative PCR testing (Figure 
4) confirmed that this was ONYX-015 (ie not wild-type 
adenovirus) at a concentration of 5.91 x 10 4 ONYX-015 
genomes/ |xg of DNA analyzed. This patient (0008) had 
multiple positive day 7 plasma PCR samples and was one 
of the three patients in whom quantitative PCR indicated 
increasing plasma genome levels at 48 h and day 7 in 
comparison to the 6-h plasma genome level. Some capsid 
antigen expression can also be identified in adjacent 
bronchial alveolar cells; this appears to have been due to 
phagocytosis of adenoviral protein by adjacent pneumo- 
cytes. Surrounding pulmonary tissue did not show 
immunohistochemical evidence of adenovirus replication 
or histologic evidence of toxicity. Patient C underwent 
autopsy analysis 134 days following his last ONYX-015 
infusion. No evidence of ONYX-015 replication was 
identified in normal organ tissues or malignant tissue by 
quantitative PCR. 
The role of neutralizing antibodies in blocking infec- 
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Table 3 Grade 2-4 adverse events 



Patient 
No. 



Toxic event 



Grade Related 
to study 
drug 



C Hypotension 4 No 

Bradycardia 4 No 

Dehydration 3 No 

Fatigue 3 No 

Candida - mouth 2 No 

Hot and cold flushes 2 Yes 

Nasal congestion 2 No 

Constipation 2 No 

Dizziness 2 Possibly 

Dysphagia 2 Possibly 

Diarrhea 2 Possibly 

Chills 2 Yes 

Fever 2 Yes 

Anxiety No 

0001 Dyspnea with exertion 2 No 
Tumor pain 2 Yes 
Incisional (by site) pain 2 No 
Swelling by site 2 No 
Chills 2 Yes 
Coughing blood 2 Yes 
Fever 2 Yes 
Cough 2 No 

0002 Fatigue 2 Yes 
Fever 2 Yes 
Non-productive cough 2 Yes 

0003 Right PAC (i.v.) site redness 2 No 
Fatigue 2 No 
Fever 2 Yes 
Increased creatinine 3 No 
Sepsis 3 No 
Acne 2 No 

0004 Right side liver/abdominal pain 3 No 
Diarrhea 3 No 
Constipation 2 No 
Fatigue 2 No 
Sleeplessness 2 No 
Pain around PAC (i.v.) incision site 2 No 
Fever 2 Yes 
Malaise 2 Yes 

0005 Chills 2 Yes 
Wheezing 2 No 
Upper right lung pain 2 No 
Right lung base pleuritic pain 2 No 
Fever 2 Yes 
Right flank/abdominal pain 2 Yes 

0006 Fever 2 Yes 
Chest discomfort 2 No 
Sleeplessness 2 No 
Nausea 2 Yes 
Cough 2 No 
Fatigue 2 Yes 
Body aches 2 Yes 

0007 Nausea (intermittent) 2 Yes 
Vomiting 2 Yes 
Fever 2 Yes 
Chills 2 Yes 

0008 Decreased WBC 3 No 
Increased cough 2 Yes 
Blood ringed sputum 2 Yes 
Increased shortness of breath 2 Yes 
Fever 2 Yes 
Fatigue 2 Yes 
Diarrhea 2 No 



Table 3 Continued 



Patient 



Toxic event 



Grade Related 



No. 




to study 
drug 


0009 Fever 


3 


Yes 


Catheter infection 


3 


No 


Muscle cramps 


2 


No 


Fatigue 


2 


Yes 


Chills 


2 


Yes 


Body aches 


2 


Yes 


Nausea and vomiting 


2 


No 




10" 10" 

Dose (particles) 

Figure 1 Plasma PCR signal versus dose of ONYX-015. Quantitative 
determination of ONYX-015 genome was done using a TaqMan based 
assay. 




Tmm Post Do** (hows) 



Figure 2 Plasma PCR signal versus time post-dose of ONYX-015. TJje 
left hand figure evaluates cycles 1 and 2 of patients receiving ^2x J0 n 
particles; the right hand figure evaluates cycles 1 and 2 of patients receiv- 
ing 2*2 x W 2 particles. 



tion could not be assessed. All high-dose patients were 
antibody negative at baseline. 

Neutralizing antibody response 

Two patients (Nos 0003 and C) had elevated neutralizing 
antibody titers at baseline (Table 5). Patient C had pre- 
viously received ONYX-015 via intratumoral injection. 
All patients showed marked elevation in neutralizing 
antibody titers within 2-3 weeks of the first injection 
(Table 5). 

Cytokine response 

Cytokines IL-6, IL-la, IL-10, TNF-a, 7 -IFN, IL-10 and IL- 
2 were assessed in patients who received ONYX-015 at 
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Table 4 Detectable ONYX-015 genome in plasma 7 days following i.v. infusion 



CD 



751 



Patient No. 



Cycle 1 (infusion No.) 
PCR results day 2, day 7 (xlO 4 genomesiml) 



Cycle 2 (infusion No.) 
PCR results day2, day 7 (xlO* genomes/ml) 





I 


I 


% 
j 


1 


2 


3 


0001 


LLD, LLD 


ND, 3.4 


ND, LLD 


ND, LLD 


ND, ND 


ND, ND 


0002 


ND, LLD 


ND, LLD 


ND, LLD 


ND, LLD 


ND, LLD 


ND, ND 


0003 


LLD, LLD 


ND, 33 


ND, 140 


ND, 2.3 


ND, 14 


ND, ND 


0004 


LLD, LLD 


ND, LLD 


ND, LLD 


ND, LLD 


ND, 58 


ND, ND 


0005 


ND, LLD 


ND, LLD 


ND, LLD 


LLD, LLD 


ND, LLD 


ND, ND 


0006 


3.2, LLD * 


ND, LLD 


ND, LLD 


ND, LLD 


ND, LLD 


ND, ND 


0007 


860, 49 


ND, 5.6 


ND, LLD 


ND, LLD 


ND, LLD 


ND, LLD 


0008 


890, 7.1 


ND, 68 


ND, 200 


ND, 56 


ND, 280 


ND, 68 


0009 


170,99 


ND, 130 


ND, 19 


LLD, ND 


ND, ND 


ND, ND 


c 


ND, LLD 


ND, 35 


ND, 35 


ND, 25 


ND, 170 


ND, ND 



ND, not done; LLD, level lower than detectable. 



Day 5 S/P ONYX-015 (1 X 10 11 FPU) 
PATIENT #0008 




mm 




Figure 3 (a) Day 5 biopsy of tumor from the lung of patient No. 0008; 
positive control for adenovirus antigen MoAb. (b) Histochemistry of 
malignant tumor tissue of patient No. 0008. (c) Positive uptake of MoAb 
to capsid antigen in bronchial epithelial cells of patient No. 0008. (d) 
Positive uptake of MoAb to capsid antigen in malignant cells of patient 
No. 0008. 



doses 5*2 x 10 12 particles (patients 0005-0009) (Figure 5a, 
b). Significant elevation (>25% of baseline value) of IL- 
6, IL-10, TNF-a, and 7-IFN, were observed in the majority 
of patients tested after infusion on days 1 to 3 of cycle 1 
and days 1 to 3 of cycle 2. Patient 0006 was unavailable 
for cycle 2 due to inability to acquire the follow-up 
samples after cycle 2 baseline assessment. We did not 
detect any significant increase in IL-la, IL-10 or IL-2 lev- 
els in patient serum collected throughout the course of 
study. However, an early rise with subsequent drop back 
to baseline within the first 24 h could have been missed; 
- this pattern of rise and fall was demonstrated for IL-1 
following intra-arterial administration of ONYX-015 on 
another trial (Kirn et al, unpublished data). Elevated lev- 
els of serum IL-6 from 128% to 834% over baseline (from 
5.4 to 50.6 pg/ml; No. 0006) were observed in five of five 
patients within 24 h after infusion at day 1, cycle 1 and 
F^obed within 6 h of infusion. A similar increase of 28% 
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Figure 4 (a) Amplification plot of ONYX-015 DNA of patient 0008 
tumor tissue in comparison to standard and negative controls. All samples 
and controls were run in duplicate. Patient samples were positive at cycle 
22 and cycle 23 (red and blue cun>es at cycles 22 and 23). Fluorescent 
reporter units from the PCR reaction are shown at the Y axis and the 
number of PCR cycles is marked on the X axis, (b) Standard curve of 
known quantities of ONYX-015 DNA (2.61 x 10\ 2.61 x 1(P, 2.6 x 10\ 
2.61 x 10 4 , 2.61 x 1(>\ 2.61 x 20* and 2.61 x 10 7 genomes/ tig) as a 
function of the cycle number (Y axis) at which significant detection 
occurred. Patient No. 0008 is shown in red. 
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Table 5 Neutralizing antibody titers 



Patient No. 


Cycle 


Day 


Antibody titers 


c 


1 


1 


>1280 


C 


1 


8 


>81920 


C 


1 


15 


> 57333 


C 


2 


1 


>75491 


C 


2 


8 


>81920 


C 


2 


15 


>81920 


0001 


1 


1 


<20 


0001 


1 


8 


<20 


0001 


1 


15 


91 


0001 


2 


1 


378 


0001 


2 


8 


1464 


0002 


1 


1 


<20 


0002 


1 


8 


22 


0002 


1 


15 


1032 


0002 


2 


1 


1109 


0002 


2 


8 


1806 


0002 


2 


15 


5324 


0003 


1 


1 


967 


0003 


1 


8 


14184 


0003 


1 


15 


71730 


0003 


2 


1 


50186 


0003 


2 


8 


48041 


0003 


2 


15 


44213 


0004 


1 


1 


<20 


0004 


1 


8 


69 


0004 


1 


15 


385 


0004 


2 


1 


906 


0004 


2 


8 


2393 


0004 


2 


15 


3437 


0005 


1 


1 


<20 


0005 


1 


8 


1378 


0005 


] 


15 


3005 


0005 


2 




14215 


0005 


2 


8 


11503 


0005 


2 


1 S 
i d 


IjL'iOD 


0006 
uuuo 


i 
i 


i 




0006 




o 
o 


I 1 * J 


0006 


] 


1 c 

ID 


O/ U 


0006 


2 


1 
1 


dd^d 


0006 


2 


g 


1 170 


0006 


2 


15 


843 


0007 


1 




<20 


0007 


1 


8 


121 


0007 


1 


15 


190 


0007 


2 


8 


494 


0007 


2 


15 


1760 


0008 


1 


1 


<20 


0008 


1 


8 


5518 


0008 


1 


15 


6362 


0009 


1 


1 


27 




Day of Treatment 




Day of Treatment 



Figures Percent increase over baseline (a) and absotute (pgfml; b) of 
mean serum cytokine levels as determined by EUSA assay at initiation 
of cycle 1 and cycle 2 in patients treated with intravenous ONYX-015 
5*2 x I0 12 particles in = 5). Cycle 2 was administered on day J. Cycle 2 
was administered on day 22. Values represent mean ± s.e.m. 



to 586% was seen in three of four patients (0005, 0007, 
0009) =£24 h at cycle 2. This increase subsided by days 3- 
4 and returned to baseline before the next infusion of 
ONYX-015, 7 days later in all patients. Concurrent or 
delayed increase in serum IL-10 (five of five patients 
tested; 70-6259% increase) and 7-IFN (four of five 
patients; 865-3321% increase) were observed, peaking at 
days 2 (7-IFN) and 3^4 (IL-10) of cycle 1. Markedly higher 
increases of IL-6 and IL-10 but not 7-IFN were seen at 
cycle 2. There were relatively modest increases (26-170%; 
22-42 pg/ml) of TNF-a in four of five patients at days 
2-5 of treatment in cycle 1. Only one patient (0007) was 
found to increase TNF-a at cycle 2. Impressive increases 
were observed at the 6-h time-point only with IL-6 sug- 
gesting a possible correlation of IL-6 with initial fever 



commonly observed 4-8 h after administration of cycles 
1 and 2. All but one instance was correlated with a >25% 
increase of IL-6. Patients 0005, 0006, 0007, 0008 and 0009 
all had transient fever =£10 h from initial infusion of 
ONYX-015. 

Response 

Tumor response is shown in Table 6. Eight patients had 
stable disease at the 2-month assessment, one a mixed 
response, and one progressive disease. Time to pro- 
gression and survival is also shown in Table 6. Although 
no objective responses were demonstrated with ONYX- 
015 alone in this safety study, tumor stabilization of 6.5+ 
months was demonstrated in two patients with ONYX- 
015 and carboplatin/paclitaxel. One (No. 0005) of the two 
patients had previously failed prior carboplatin/taxol 
treatment. 
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Table 6 Kesponse 



rmicUl ivu- 




Tune to 






response 


progression 
(days) 


(days) 


c 


MR a 


148 


281 


0001 


SD 


107 


197 


0002 


SD 


41 b 


298 


0003 


SD 


103 c 


312 


0004 


SD 


67 


218 


0005 d 


SD 


192+ 


449+ 


0006 


SD 


294 


349+ 


0007 


SD 


91 


300 


0008 


PD 


77 


223+ 


0009 


SD 


82+ 


162 



a Mixed response resolution of T12 lesion and pleural mass 
regression following radiation in combination with taxol, 
irradiation, and ONYX-015 at cycle 6. Overall disease not 
reduced 50%. 

b Out of state patient unable to remain in Dallas after cycle 2. 

^Patient taken off study due to renal failure. 

d Patient failed prior chemotherapy with carboplatin and taxol. 



Discussion 

We demonstrate, for the first time, that an attenuated 
adenovirus can be administered safely as a single intra- 
venous infusion to a dose of 2 x 10 13 particles and as 
weekly infusions at doses up to 2 x 10 12 particles. No 
dose-limiting toxicities were identified; mild to moderate 
fever, rigors and mild transient transaminitis (following 
high doses only) were the most common toxicities. This 
lack of significant toxicity is remarkable given evidence 
for ongoing viral replication and shedding into the circu- 
lation for several weeks in high-dose patients. Toxicity 
was not altered when ONYX-015 was administered in 
combination with carboplatin and taxol. These results 
suggest that future therapeutic designs can safely incor- - 
porate administration of intravenous ONYX-015 in 
humans. Importantly, viral infection of metastatic tumor 
deposits was documented at these well-tolerated doses 
of 5=2 x 10 12 particles. Both acute inflammatory cytokine- 
mediated immunity (primarily IL-6, IL-10, interferon- 
gamma, tumor necrosis factor) and humoral immunity 
were induced rapidly following intravenous adminis- 
tration. A correlation between IL-6 induction and the 
initial febrile response was suggested. This is consistent 
with toxicity attributed to IL-6 during preclinical and 
clinical investigation of recombinant human (rh)IL-6 pro- 
tein, 21 - 22 and observations in other trials involving aden- 
oviral vectors. 8 Up-regulation of IL-6, which we 
observed, is consistent with an acute phase reaction that 
Peaked within 6 h of initial viral infusion and first of the 
post's triphasic immune response. 23 Elevated 7-IFN levels 
that peaked at 24-48 h after infusion are indicative of NK, 
an a subsequently THl-mediated immune activation 
events. Maximal IL-10 levels at 72-96 h after infusion 
j^ay reflect collateral TH2 activation, although IL-4 and 
es- determinations are needed to confirm this hypoth- 
^™^ a riy/ others have shown adenoviral antigen 



^ulahon of TH1 and TH2 . „ r 

t^liinited number of patients also suggest pref< 
2 0 iJ^activation at the time of viral reinfusion at < 



response. 24 " 26 Our findings 
eren- 
cycle 



&on the marked increase in IL-2 and IL-10 within 



Our results demonstrate that infection of, and repli- 
cation within, tumors by ONYX-015 is feasible following 
intravenous administration. More than half of the plasma 
samples from patients receiving doses greater than 2 x 
10 12 particles showed persistence of viral genome in 
blood more than 24 h after administration (nearly half 
at 7 days). Without replication, the viral genome is not 
observed in circulation for more than 24 h in animal mod- 
els (and usually not more than 6 h) after infusion. Inter- 
estingly, the levels of viral genome detected in the plasma 
of three patients 48 h after infusion were 2.5- to 10- fold 
higher than levels in the plasma at 6 h. Therefore, signifi- 
cant on-going replication was taking place. Immunohisto- 
chemistry and quantitative PCR analysis of tumor tissue 
was used to confirm intratumoral viral in the one patient 
with an accessible and evaluable tumor. We cannot rule 
out viral replication at sites outside the tumor, as well, 
but even if this did occur, it was not associated with any 
clinically significant toxicity. 

Although it is possible that antibody binding will 
decrease the efficiency of tumor injection, viral pharma- 
cokinetics were not demonstrably altered by antibody 
formation. Future studies will need to address this issue. 
If necessary, approaches to block antibody development 
can be tested. 

Although primarily a safety study, we did confirm 
intratumoral delivery and replication in at least one 
patient using this systemic approach. If intravenous 
delivery of virus is to evolve into an effective therapy, 
consistent delivery to, and uptake by, the tumor will be 
necessary. Several approaches may be taken to improve 
the efficacy of future intravenous treatments. One is to 
combine the favorable attributes of replication-selective 
viral therapy with gene delivery; 6 - 7 replication-selective 
viruses can be engineered to express therapeutic genes 
(eg cytokines, prodrug-activating enzymes) and thereby 
improve tumor destruction as compared with the virus 
alone. Inhibition of immune-mediated viral clearance 
may also be possible through the use of immunosuppres- 
sive regimens, particularly in light of the safety demon- 
strated on this trial. It is also clear that replication-selec- 
tive adenoviruses are effective and potentially synergistic 
in combination with standard chemotherapeutics. 19 - 20 - 27 
Since the mechanisms of action of adenoviral therapy and 
chemotherapy are very different, and overlapping tox- 
icities are not apparent, this approach has great promise. 

Future studies may test approaches to reduce hepatic 
clearance of therapeutic adenoviruses. Preclinical studies 
indicate that more than 80% of ONYX-015 and other 
adenoviruses are taken up by the liver following intra- 
venous administration 27 Thus, the delivery of adeno- 
virus to metastatic tumor deposits, and the resulting anti- 
tumoral activity, should be improved if hepatic uptake 
is inhibited. 28 " 30 Furthermore, approaches which decrease 
hepatocyte and Kupffer cell uptake such as infusion of 
silica and /or multi-lamellar lyposomes (C1 2 MBP 
lyposomes), 31 * 44 have been shown to delay elimination of 
adenoviral vectors significantly. A second important fac- 
tor influencing internalization of adenovirus and induc- 
tion of actin cytoskeleton reorganization for endocytosis 
of the viral particle to take place is the expression of 
coxsackie-adenovirus receptor (CAR) on target cells 
which serves as a primary receptor for adenovirus. 45 
Interaction with a second receptor, a v -03,s integrin, facili- 
tates virus internalization into cells. 46 Internalization 
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probably occurs by clathrin-mediated endocytosis, 47 - 48 an 
actin-dependent process, under the control of the P13K 
pathway/ 9 and may be therapeutically modulated by 
blocking of the Rho family of small GTP-binding proteins 
that serve as regulators of PI3K activation. 45 - 50 " 53 Stra- 
tegies to modulate the expression levels or function of 
these receptors in tumor tissues and /or normal organs 
are being developed and might eventually be tested in 
clinical trials. 

Another major factor influencing the efficacy and tox- 
icity of adenoviral agents is the immune response to 
adenovirus administration and replica Hon. 29 - 46,54-60 Aden- 
ovirus-mediated gene transfection in immunodeficient 
mice 24 - 25 - 61 "* 7 or immunocompetent animals treated with 
immunosuppressive agents 67 "* 8 has resulted in prolonged 
transgene expression. 25 - 26 ' 64,66 ' 67 69 " 77 Future studies explor- 
ing intravenous infusion of ONYX-015 may involve test- 
ing of transient immunosuppression. 

The clearance of adenovirus is also affected by the 
expression of immunomodulatory gene products from 
the virus itself. For example, the E1B 19kD gene is 
responsible for blocking fas and TNF receptor-induced 
apoptosis, whereas the adenovirus early transcription 
unit (E3) encodes for polypeptides (14.7k, 10.4, 14.5), 78 " 82 
which function to block directly TNF-a activation as well 
as apoptotic pathways shared by TNF-a and /as/ 8 - 80 ' 83 
The E3 gp-19k protein functions to bind and retain MHC 
class I molecules within the endoplasmic reticulum, thus 
preventing surface presentation of viral antigens, thereby 
limiting class 1-restricted CTL clearance of virally infected 
ceils. 7 ** 2 * 4 " 87 The E3b region of ONYX-015 is deleted and 
this virus may therefore be hypersensitive to clearance 
by fas and /or TNF. Replacement of this gene region may, 
therefore, decrease viral clearance, increasing expression 
of viral genes that suppress immune recognition which 
may improve replication. 177888 

In conclusion, results of this trial demonstrate that 
ONYX-015 can be safely administered to refractory can- 
cer patients as a single agent or in combination with 
chemotherapy. These results open the door to innovative 
therapeutic approaches utilizing attenuated replication- 
selective adenoviruses as a new therapeutic modality via 
intravenous delivery in cancer patients with epithelial or 
even hematologic malignancy. 89 Methods of modulating 
adenoviral clearance, uptake, tropism for malignant cells 
and functional activity need to be further investigated. 
Future directions will include the use of replication-selec- 
tive viruses in combination with standard oncologic 
treatment regimens, as well as the expression of exogen- 
ous therapeutic genes. 7 - 90 

Methods 

Test article 

ONYX-015 is a chimeric human group C adenovirus 
(Ad2 and Ad5), originally constructed in the laboratory 
of Arnold Berk, that does not express the 55kD product 
of the E1B gene. 91 The virus contains a deletion between 
nucleotides 2496 and 3323 in the E1B region encoding the 
55kD protein. In addition, a C to T transition at position 
2022 in E1B generates a stop codon at the third codon 
position of the protein. These alterations eliminate 
expression of the E1B 55kD gene in ONYX-015 infected 
cells. ONYX-015 was grown and titered on the human 



embryonic kidney cell line HEK293 as previously^ 
described. 13 ff 

Study design \ 
This was an open-label phase I, dose-escalation study., 
Patients received ONYX-015 on days 1, 8 and 15 of each* 
21-dav cycle. Dosage cohorts were as follows (one patient 
at each dose level): (1) 2 x 10 10 particles; (2) 6 x 10'° par- 
ticles; (3) 2 x 10 n particles; (4) 6 x 10 n particles; (5) 2 x 
10 12 particles; and (6) 6 x 10 12 particles for the first dose, 
then 2 x 10 12 particles for subsequent doses; (7) 2 x 10 13 
particles for the first dose, then 2 x 10 12 particles for sub- 
sequent doses; (8) 2 x 10 12 particles with chemotherapy 
starting cycle 1, day 8. Carboplatin (AUC 2) and taxol (80 
mg/nr) were administered in combination with ONYX- 
015 starting with cycle 3 (continued for all subsequent 
cycles) in cohorts 1-7 and starting with cycle 1, day 8 in 
cohort 8. A single patient was treated on a compassionate 
use protocol testing intra-patient dose escalation as fol- 
lows: 2 x 10 10 ; 6 x 10 10 ; 2 x 10"; 6 x 10 11 ; 2 x 10 12 particles. 
Treatment was continued as long as patients maintained 
a status of stable disease and did not develop signifi- 
cant toxicity. 

ONYX-015 handling and processing 
ONYX-015 is formulated as a sterile viral solution in TR1S 
buffer (10 mM TRIS pH 7.4, 1 mM MgCl 2/ 150 mM CaCl, 
10% glycerol). The solution is supplied frozen (-20 C C) in 
single-use, plastic screw-cap vials. Each vial contains 0.5 
ml of virus solution at a specified viral titer. Vialed virus 
solution was warmed and diluted to the appropriate titer 
for dosing. Following warming, ONYX-015 was main- 
tained at 2° to 8°C during dilution and handling, except 
for warming to room temperature immediately before 
administration. 

Drug preparation was performed within 10 min before 
tumor infusion, using plastic syringes. Vials of ONYX- 
015 were opened and the appropriate volume of virus 
diluted to 10 ml with normal saline in a biologic safety 
cabinet. All waste items were disposed of in biohazard 
containers and were autoclaved and incinerated. For dose 
levels of 3 x 10 11 and 1 x 10 12 only, the prepared dose of 
ONYX-015 was injected into a 100 cc bag of normal saline 
for infusion. 

ONYX-015 intravenous infusion procedure 
A single infusion of 10 ml of ONYX-015 with normal 
saline was administered over approximately 3-5 min, as 
specified for each cohort in the product information sheet 
through a peripheral or central intravenous line (22- 
gauge catheter). For dose levels of 6 x 10 12 and 2 x 10 13 , 
a 100 cc bag of normal saline with the prepared dose of 
ONYX-015 was administered' via infusion pump over a 
10-min period. 

Dose-escalation scheme - cycle 1 

One patient was entered per dose level until the highest 
dose was shown to be safe; at this point three additional 
patients were treated at the highest dose level. Patients 
were enrolled sequentially into treatment cohorts with at 
least a 2-week interval between each cohort. Dose escal- 
ation was based on the toxicity seen with the first cycle 
of therapy. If a DLT related to ONYX-015 was observed 
in a cohort related to ONYX-015, up to six patients were 
to be enrolled at that dose level. If a DLT, felt not to be 
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related to ONYX-015 occurred, that patient was replaced. 
Patients were enrolled until a second DLT occurred 
(which defined the toxic dose) or until six patients were 
enrolled at that dose level. The MTD was defined as the 
dose immediately below the dose at which two patients 
experienced a DLT after their first treatment with ONYX- 
015. DLT was defined as grade 4 toxicity of any duration 
and grade 3 toxicity lasting more than 5 days. A mini- 
mum of a 1-week interval between treatment of each of 
these patients was required unless toxicity was observed 
at >1 week in which case the duration between patients 
was a minimum of the duration of time at which the 
toxicity was observed from the treatment date. 

Chemotherapy dosing 

A combination of carboplatin (i.v. dose at AUC of 2 per 
standard practice) and paclitaxel (80 mg/ m 2 i.v. per stan- 
dard practice) was administered weekly concurrently 
with systemic virus administration. Pre-medications for 
chemotherapy were given per standard of practice for the 
clinic. They involve dexamethasone 20 mg/12 h then 2 h 
before dosing; diphenhydramine 25 mg and ranitadine 
50 mg i.v.; then odensatron 1 mg and dexamethasone 10 
mg i.v. just before dosing. 

Study population 

Patients with advanced metastatic cancer who failed one 
prior therapeutic regimen and for whom a curative ther- 
apy is not available were eligible. Patients were required 
to have histologically or cytologically confirmed carci- 
noma, tumor not curable with surgery or other standard 
modalities, and a documented p53 gene mutation. For 
dose levels greater than 6 x 10 12 particles, patients were 
required to have disease involving the lung. Other eligi- 
bility criteria included a Karnofsky performance status of 
s=90%, life expectancy of 5=3 months, age 2=18, absolute 
neutrophils >1500/jxl, hemoglobin >9 mg/dl, platelets 
>75000/jd, creatinine <2.0 mg/dl, AST and ALT >3.0- 
fold upper limit of normal, PTT within normal limits, and 
total bilirubin <2.0 mg/dl, and consent for study partici- 
pation on an IRB-approved informed consent form. 
Women and men of reproductive potential were required 
to use a reliable form of contraception. 

Patients with the following were excluded from study: 
>50% liver replacement by tumor as determined radio- 
graphically; ongoing active infection (including human 
immunodeficiency virus); viral syndrome diagnosed 
within the last 2 weeks; chemotherapy within the last 3 
weeks (6 weeks for nitrosourea or mitomycin-C); radio- 
therapy to tumor site within the last 4 weeks (if this is 
the only site of disease); treatment with any other investi- 
gation therapy within the last 4 weeks; concomitant hem- 
atological malignancy (ie chronic lymphocytic leukemia, 
non-Hodgkin's lymphoma); and current requirement for 
chronic immunosuppressive medication including gluco- 
corticoid or cyclosporin, or chronic use of any such medi- 
cation within the last 4 weeks. Pregnant or lactating 
females were excluded, and patients previously partici- 
pating in research protocols involving administration is 
adenovirus vectors were excluded (with the exception of 
°ne compassionate use protocol patient). 

Tumor assessment 

U P to five masses were measured for response assess- 
ment A complete response (CR) was defined as complete 



disappearance of all tumors at the assessed site, partial 
response (PR) was defined as regression of the tumor 
mass by ^50% but <100% with no growth of any indi- 
vidual lesion, stable disease (SD) was defined as tumor 
decrease by <50% or increase in size by <25%, and pro- 
gressive disease (PD) was defined as a ^25% increase in 
tumor size. Tumor response was assessed by CT scan of 
relevant organs each odd cycle. CT confirmation of all 
PRs and CRs 4 weeks after initial documentation of the 
response was required. 

Adverse event definition 

Severity of adverse events were assigned according to the 
NCIC-CTG Expanded Common Toxicity Criteria. A 
grade 1 or mild was considered a noticeable adverse 
event, but one which does not interfere with normal daily 
activities; a grade 2 or moderate adverse event is one 
which is sufficient to interfere with normal daily activi- 
ties; a grade 3 or severe adverse event is incapacitating 
and causes the patient to be unable to perform daily 
activities (hospitalization may or may not be required); a 
grade 4 or life- threatening adverse event poses an 
immediate risk of death as it occurs; and a grade 5 
adverse event is fatal. If severe toxicity attributable to 
active viral replication had occurred, initiation of intra- 
venous ribavirine therapy was recommended at 35 
mg/kg divided into three doses given every 8 h (the first 
day) followed by 25 mg/kg divided into three daily 
doses and given every 8 h; no patients required 
ribavirine therapy. 

Screening and pretreatment evaluation 
CT scans, chest radiographs or ultrasound evaluations 
were completed within 21 days before treatment. All 
other examinations and procedures were completed 
within 14 days before the initial treatment with ONYX- 
015. The biopsies documenting carcinoma and evaluation 
of p53 status were taken before enrollment or treatment 
with ONYX-015. Screening and pretreatment evaluation 
included a signed IRB-approved informed consent form, 
CT-scan evaluation of the chest and/or liver/abdomen 
with tumor measurements, chest X-ray (PA /lateral), 12- 
lead electrocardiogram (ECG), complete medical history 
including secondary diagnosis, complete physical exam- 
ination, medications within the last 2 months, previous 
anticancer treatments, Karnofsky performance status 
score determination. Screening laboratory assessment 
included hematological tests, including prothrombin time 
(PT), partial thromboplastin time (PTT), serum chemistry 
tests, neutralizing antibody to ONYX-015, ONYX-015 
DNA in plasma, urinalysis, urine or serum pregnancy 
test, and a paraffin tumor block. Plasma samples were 
also archived. 

Treatment evaluation on days 1, 8 and 15 
For administration of ONYX-015, patients were treated at 
the Mary Crowley Medical Research Center of US 
Oncology located in the Sammons Cancer Center at 
Baylor University Medical Center, Dallas, TX, USA. Vital 
sign assessments were taken at baseline (45 min before 
ONYX-015 infusion ± 15 min). In addition, vital signs 
were monitored just before infusion, at the conclusion of 
the infusion and every 15 min thereafter for a total of 2 
h. If vital signs had changed ±20% from baseline after 2 
h, patients were to be retained, examined and had vital 
signs taken until they returned to baseline values. 
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Procedures during the ONYX-015 treatment period 
Day 1 (±1 day) procedures included a brief physical 
examination directed to relevant signs, symptoms, vital 
signs and weight, hematological tests, serum chemistry 
tests including liver function, cytokine analysis (baseline 
and 6 h, ±1 h, following injection of the virus) for cycles 
1 and 2 only. On day 2 (±1 day), cytokine analysis (24 h, 
±3 h, following injection of the virus) was done on cycles 
1 and 2. On day 3 (±1 day), serum liver function tests 
were repeated, plasma for PCR (polymerase chain 
reaction) and antibody titer (only cycles 1 and 2) was 
obtained, and cytokine analysis (48 h, ±3 h, following 
injection of the virus) was done in cycles 1 and 2 only. 
On day 4 (±1 day), cytokine analysis (48 h, ±3 h, following 
injection of the virus) was done in cycles 1 and 2. On day 
5 (±1 day), serum liver function tests were repeated, and 
three or more biopsies of tumor and normal tissue (liver, 
pulmonary, skin) on cycle 1 only were done to assess for 
replicating ONYX-015^ Cytokine analysis (96 h, ±3 h, fol- 
lowing the first injection of each cycle of the virus) was 
also done in cycles 1 and 2. On days 8 to 15 (±2 days) of 
the second and third infusion of ONYX-015, hematolog- 
ical tests, serum chemistry tests including liver function, 
and physical examination were repeated. Changes in con- 
comitant medications and reporting of adverse events 
were summarized. A plasma sample was archived (cycles 
1 and 2 only). Neutralizing antibody to ONYX-015 (only 
cycles 1 and 2), plasma for PCR, ONYX-015 titer (only 
cycles 1 and 2), and cytokine analysis (168 h, ±3 h, follow- 
ing the first injection of each cycle the virus) were done 
in cycles 1 and 2. 

Pharmacokinetic venous blood draws 
All patients had pharmacokinetic blood draws taken on 
day 1 of cycles 1 and 2. Blood was drawn at the start of 
the ONYX-015 infusion and at 5, 10, 30, 60, 90, 120, 180 
and 360 min. Pharmacokinetics were repeated for the first 
dose of cycle 2 at time 0 before ONYX-015 infusion and at 
30, 90, 120 and 360 min. Samples were also drawn before 
ONYX-015 infusion on days 8 and 15. 

Off study assessment 

Patients who completed their final cycle of ONYX-015 
treatment or came off study for other reasons were with- 
drawn from study and had the following assessments 
completed: baseline physical examination, Karnofsky 
performance status, labs for hematology and chemistry, 
urinalysis, adverse events, and concomitant medications. 

Long-term follow-up 

If patients went off study with an objective tumor 
response or stable disease (ie without tumor 
progression), an abdominal CT scan or ultrasound was 
taken every 6-8 weeks to follow for disease progression. 
All patients who went off study for any reason were 
followed for survival. 

Cytokine analysis 

Cytokines IL-6, IL-la, IL-lp, TNF-a, IL-10, IL-12, and y- 
IFN were assayed from patient serum. ELISA assays 
(R-fD Quantikine kits; Minneapolis, MN, USA) were car- 
ried out to quantify cytokine levels. Post-treatment cyto- 
kine levels were compared with baseline levels harvested 
before infusion 1 of cycle 1 . - 

Patient peripheral blood was collected by venipuncture 



into Vacutainer rubes without anticoagulant. Serum ^Jf 
samples were extracted from clotted samples and stored |S 
at -80°C. Multiple serum samples collected over each 
patient's treatment course were analyzed simultaneously 
(in triplicate), using cytokine-specific immunoassay 
reagents according to the manufacturer's protocols. The 
colorimetric reaction was quantified as a function of OD 
absorbance at 540 nm (SpectraMax 340; Molecular 
Devices, Sunnyvale, CA, USA). Cytokine concentration 
was calculated according to a reference standard curve 
generated with four parameter logistic (4-PL) curve fit 
and OD values of known, graded concentrations of 
recombinant cytokine. The lowest concentration of each 
cytokine's standard curve consistently yielded an OD 
values that are 3-fold higher than the OD background (no 
recombinant cytokine or serum added), and are con- 
sidered to be the minimal detectable level (IL-6: 3.1 
pg/ml; IL-la/IL-lp: 3.9 pg/ml; TNF-a: 15.6 pg/ml; IL- 
10: 7.8. pg/ml; IL-2: 31.2 pg/ml; IFN- T 15.6 pg/ml). Post- 
treatment cytokine levels were compared with baseline 
levels harvested before infusion 1 of cycle 1 by the for- 
mula: % increase over baseline = 100% x (C T - C 0 )/C 0 ; 
where C T and C 0 represent the mean calculated cytokine 
concentration at time-point T, and before treatment, 
respectively. 

Statistical analysis 

The study included seven treatment cohorts, with one to 
six patients in each cohort. The data for each cohort were 
summarized with descriptive statistics, frequency tabu- 
lations, graphs, and data listings as appropriate. The data 
from the treatment cohorts were combined for selected 
data displays. Parametric or non-parametric methods 
were used to compare dose groups, as appropriate. 

P53 gene sequencing 

Pretreatment tumor biopsies were taken for p53 sequen- 
cing from the recurrent tumor mass that was to be 
injected (sequencing performed at the John T Mallams 
Laboratory, supported by the Mary C Crowley 
Foundation). DNA was extracted directly from sections 
of formalin-fixed paraffin-embedded needle biopsies. If 
necessary, tumor cells were micro-dissected from sections 
of paraffin-embedded tissue. DNA was isolated from 
tumor cells using phenol /chloroform extraction and 
ethanol precipitation, and the p53 gene was amplified in 
several fragments by PCR. The amplicons were purified 
by gel electrophoresis and analyzed using either the 
DNA Sequencing Kit (Boehringer Mannheim, Indiana- 
polis, IN, USA), or the ABI Model 310 automated 
sequencer. Accurate reading of the sequencing gels and 
the sequencer printout was confirmed by National Bio- 
sciences (Plymouth, MN, USA). 

Quantitative PCR of ONYX-015 

To quantify the amount of ONYX-015 virus genome in 
human plasma, viral DNA was extracted from patient 
samples, standard and controls using a QIAamp DNA 
mini kit (Valencia, CA, USA) then quantified by real-time 
PCR using assay-specific primer and probe as described 
below. All tissue samples were analyzed independently 
by Althea Technologies (San Diego, CA, USA). In order 
to monitor recovery during extraction, patient samples 
were spiked with exogenous DNA. As PCR tumor tissue 
analysis had not been previously studied with other 
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patient tumor samples, a TaqMan-based assay was 
developed using a primer based on a 92 nucleotide (nt) 
sequence from nt 2453 to nt 2544. This amplicon overlaps 
the E1B region deletion and includes the 8bp Puc-derived 
linker insert. The central region of the TaqMan probe is 
homologous to the linker insert, making the probe 
specific to ONYX-015. 

For quantification, a standard curve was constructed 
by assaying serial dilutions of ONYX-015 virus ranging 
from 2 x 10M.05 x 10 4 vp/ml. Negative controls consist 
of a plasma control without virus and a type D adeno- 
virus wild-type control. Alt samples were done with 1 p.g 
of human placental DNA as background. The correlation 
coefficient of the standard curve was 1.00. The presence 
of PCR inhibitors in any sample was detected by the 
results of an independent PCR reaction using a primer 
specific for 18s rDNA. 

Using this assay, the lower limits of detection of 
ONYX-015 particles in plasma was 1.05 x 10 4 particles/ml 
with a lower limit of quantitation of 4.2 x 10 4 particles/ml 
of plasma. In tissue, the lower limit of detection was 13 
copies of ONYX-015 genome/p.g with a quantitation 
limit of 23 copies /^g. 

Histochemicat assessment of adenoviral capsid antigen 
Immunohistochemical studies for adenovirus were per- 
formed using a mouse monoclonal antibody against 
adenoviral capsid proteins (adenovirus clone 20/11 and 
2/6; Cell Marrque, Austin, TX, USA). Formalin-fixed, 
paraffin-embedded sections were studied using an auto- 
mated Ventana 320ES system (Tucson, AZ, USA) and a 
1:10 dilution of the primary antibody. For detection, an 
avidin-biotin complex secondary antibody technique was 
used. Adequate negative and positive controls were 
included. 

Determination of ONYX-015 neutralizing antibody titers 
Patient and control samples were incubated at 55°C for 30 
min to inactivate complement. Clinical plasma samples 
previously determined to produce high, midrange and 
negative titers were designated as plasma controls. Each 
dilution was mixed with adenovirus stock at a titer pre- 
qualified to produce 15-20 plaques per well of a 12- well 
dish in DMEM growth medium. The patient's samples 
and controls were inoculated for 1 h at room tempera- 
ture, and applied to 70-S0% confluent JH393 cells in 12- 
well dishes. After 2 h of incubation at 37°C, 5% C0 2 
plasma-virus mix was removed and 2 ml of 1.5% agarose 
in DMEM was added to each well. Plates were read on 
day 7 after inoculation by counting the number of p.f.u.s 
per well. The titer of neutralizing antibody for each sam- 
ple was reported as the dilution of plasma that reduced 
the number of plaques to 60% of the number of plaques 
in the virus control without antibody. 
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